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ABPL: 

le^t^e^Lc^^-^pScar" 1 ^ ^ — ormance of at 
sm^SviVr?^ C ° nStrUCtin * an electro-optical 

«^ViS e ^;st e iV lens and an imaging device « 

P^uraUt/of deViCeS ' A res P ecti - identity code of a 

precalibrated devices together with corresponding 
electro-optical performances P g 

are stored in a database and the imaging device is 
aligned to the test target uevice is 

so as to produce a focused image thereof 
Pre-calibbrated devices are selected 

s f to°red h s e o d a a s ta to aSe ^ ^ ^ iS di ^ itiz ^ and 

de^ermLe 3 ^ gitiZed ^ which - analyzed so as to 
plSo^^tEr' 0 ™ 1108 rep — ntati - of the 

compo^en? PtiCal SySt6m WhiCh iS 6qUal t0 the P roduct of 
electro-optical performances of each of the 

electro-optical test devices and, % 

each of the additional pre-.calibfated devices. This 
permits determination of 

each P of d the ° f C ° mp ° nent electro-optical performances of 

electro-optical test devices. 

BSPR: 

^.f^s Prior art systems relate to the setup and 

calibration^ of specific 

opticar components within a pre^calibtated optical 
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system. For example, U.S. 

Pat. No. 4,316,211 (Mackey et al . ) discloses a 
convergence measuring apparatus 

for use with a color television kinescope and deflection 
yoke comprising means ecuon 

to^enerlS 1 ^ ^ ° f electron beams of the kinescope 

convergence test pattern on the kinescope display screen 
The convergence test 1 
pattern is a set of alternating color patches. The 
degree of overlap and gap 

between patches is indicative of the degree of beam 
misconvergence. A monogram 

fitanfi 0 ? Camera °^ serves the test Pattern and provides 
a signal to a signal 

processor which controls the electron beam activating 
means to move one color 

patch with respect to the other color patch so as to 
reduce the gap and overlap 

between patches. A measurement of the amount of patch 
movement necessary to 

minimize the overlap and gap between patches is an 
indication of electron beam 

misconvergence in the vicinity of the test pattern. 
BSPR: 

In use, a test chart is imaged by the television camera 
to which may be coupled 

different lenses, the characteristics of which are 
pre-calibbrated and stored. 

in the lens memory. The.calibrlHolTyis effected by means 
of an external test ) 

pattern which is positioned in front of the camera The 
difference between the 

correction information associated with the different lens 
systems and 

determined by means of the external test pattern, and the 
correction 

information associated with the internal test pattern is 
stored by the supplier 

in the respective digital lens memory. As a result, each 
lens system has its 

own lens memory with correction information stored 
therein : 

BSPR: 

Such a system provides for automatic setup of a 
television camera with a 
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plurality of pre-calibrated lens systems. However no 
provision is made for er ' no 

altering other components in the optical system such as 
for example, the test y sucn as ' 

target or the light source. 

BSPR: 

Such a system permits visual inspection by an operator 
and permits a visual F 
comparison to be made between the actual image sianal 
produced by a television 9 Slgnai 

camera and a reference test signal. However, the 
comparison itself is , ^ 

substantially subjective and no absolute^ calibrati^of 
the television camera 



is thus provided. Furthermore, the electro-optical 
system is fixed and no 

?j3 iS i° n A ! made for substituting component devices 
thereof or for evaluating 

the performance of different sub- components of the 
system. 

BSPV: 

(a) coupling to said at least one electro-optical test 
device additional p zesz 

pre-calibrated devices as required so as to construct an 
electro-optical system 

having a light source, a test target, a lens and an 
imaging means, 

BSPV: 

(b) storing a respective identity code of a plurality of 
pre-calibrated devices 

together with corresponding electro-optical performances, 
BSPV: 

(d) specifying which devices, if any, in said 

electro-optical system are 

pre-calibrated, 

BSPV: 

(f) analyzing the digitized image so as to determine an 
electro-optical 

performance representative of the performance of the 
electro-optical system and 

being equal to the product of component electro-optical 
performances of each of 

said at least one electro-optical test device and each of 
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I 



said additional 
pre-calibrated devices, and 

BSPV: 

an electro-optical system including said at least one 
electro-optical test 

required? U Said ^ additional P^f alSfategdevices as 

electro-optical system comprising a light source, a 
target, a lens and an 
imaging means, 

BSPV: 

a computer coupled to the electro-optical system and 
including a memory for 

storing therein a database of prefcll^^iill^evice 
identity codes and L — ^•^•-"--••^^ 

corresponding electro-optical performances thereof, 
BSPV: 

an analysis means coupled to the memory for determining 
an electro-optical 

performance representative of the performance of the 
electro-optical system and 

being equal to the product of component electro-optical 
performances of each of 

Sai ? a L 1 ? aSt ° ne electr °-°Ptical test device and each of 
said additional 

pre-calibrated devices, said analysis means further for 
determining the product 

of component electro-optical performances of each of said 
at least one ^cxw 

electro-optical test device. 
DEPR: 

The electro-optical system 11 is constructed from high 
performance^ and 

P r f^pMtftf ^components in conjunction with the device 
to-be tested. The 

electro-optical system 11 includes a video camera 12, a 
lens 13, a target 14 

and a light source 15, one of these being the test device 
and all the others 

being high performance, pr^M^^S components . The 
electro-optical system ' 1 1 • JS= ~- 



11 is coupled to a digitizer 16 which "itself is coupled 
to a computer 17 

including a memory (not shown) for digitizing and storing 



04/29/2002, EAST Version: 1.03.0002 



the image formed by 

the electro-optical system 11. The computer 17 includes 
an analysis unit (not es 
shown) for analyzing the performance of the 
electro-optical system 11 and, in 
particular, of the test device therein. 

DEPR: 

In use, an image is produced by the camera 12 and the 
image is digitized by the 

digitizer 16 and stored in the memory of the computer 17 
Owing to aberrations 

associated with the test device, the image is distorted 
compared with a u 

theoretical ideal image which would be obtained if the 
test device were 

replaced by an equivalent high performance device. It is 
therefore possible to 

evaluate the performance of the test device relative to 

an equivalent high— 

performance, prefcalibrated 'device. 

DEPR: 

FIG. lb shows a second embodiment of the invention 
wherein it is desired to 

test the performance of a display device 18. To this 
end, the electro-optical 

19 S C :upied C ?o P thr S 6leCtr0nic Si ^ al test generator 

c^r^hro^gh T ^ 13 ±maged by 3 rSSSe^ 

cal^rated /lens 13. The^M&^^camera 12 is coupled 
H:o the digitizer 16 vj^wsap^- ^ 

and the computer 17 as described above with reference to 
FIG. la of the 

drawings. In such a system, the electronic signal test 
generator 19 replaces 

the target 14 and the light source 15 shown in FIG la 
for producing a video 

image signal which is displayed by the display device 18 
whose screen _J.s_imaged 

by the G4&terated> camera 12 so as to produce a video 
image which is evaluated 

in an identical manner to that described above with 
reference to FIG. la of the 
drawings . 

DEPR: 
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Consequently, since all the sub-components in the 
electro-optical system 11 

apa ^SSS^^f evice or devices under test are 
preTcpl^|.t^y the performance 

^L'nnL^'rellt^nr My be 6ValUated based °* 

described above. 

DEPR: 

the fe pr?ncipai n ° W t0 ™' 2a ° E the lowing 

?or"i^u 9 at1nrthe ?esf ^ aC °° rdln9 t0 th « la '« ti «'» 

?!Ss f ?~ n Sd 0 L? h %^ ro - optical system 11 sh °™ in 

:f e s^r ter 17 there ls stored a database 

components permitting representative electro-optical 
performances thereof to be p 

stored and also permitting storage of various physical 
characteristics of each F y 31 

device, such as physical dimensions, which are necessarv 
for proper alignment necessary 

of the electro-optical system. The electro-optical 
system 11 is then ^ 

constructed by coupling the test device or devices to 
standard components for 

UnLI ^^^^ iS St0red in the database. 
spfc!ned S by red ^ C ° mpUter 17 ' the "quired setup is 

prefa-irM^ 116 databaS6 the «>™*»>™*»* standard, 

component s-whose physical and optical data are thus 
known. An image is formed 

for optical^ S ° 83 t0 Pr ° duce sharp focus and correct 

magnification so that the target is correctly aligned to 
the lens and camera. 

DEPR: 

Thereafter the resulting image is digitized and analyzed 
so as to determine 

^^f eqUi c 6d el fctro-optical performances of the complete 
system. Since the 

calculated electro-optical performance is a product of 
the corresponding 

electro-optical performances of each of the component 
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devices in the 

electro-optical system, and since moreover the 
corresponding electro-optical 

^he^umV Pr ^5^ai|° m ponents «• -own, 

piSSnf thf Perf ° rman « of test device or the 

titZ%T d iii^:irnT ces of the test d - ic - 

cougar?; ^ e reqUlred ' ° n 3 dlSPlay m0nlt ° r <«* ~ 
computer 17. 

DEPR: 

Owing to the setup procedure, any standardf?iI|pSS 
electro-optical component 



can be substituted for corresponding devices- in the 
electro-optical system, 6 

nf^ ligr T nt ° an be effected ^d the analysis can be 
performed again as 

required. Much more significant, however, is the reverse 
situation whereby reverse 

rZll 5 ^ bS p ? rformed with the specific, limited 

range of components 

typically available to the end user who needs to 
correlate the analysis 

software within the computer 17 to the range of 
components actually in his 

possession. With the prior art systems discussed in the 
opening section of the in zne 

specification this is not possible because the only 
degree of freedom is the TV Y 
camera under test. 

DEPR: 

In addition, for each item, a full and detailed 
specification is entered the 

stored parameters being different for each different type 
of component and yp 

being sufficient to permit the various electro-optical 
performances to be p cai 

ss^ii!s; t r* e^eT • Flnally ' any kno ™ 

Sr^friffbtanL." "* ^ thl » inf °™«io„ - 
DEPR: 

Thus, on the basis of the ^caifj&fSl^data in the 
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database shown in Table I, 

the system calculates the coordinates on the CCD with 
respect to an origin 

thereof, typically the top left hand corner These 
coordinates must now be 

ZZtlVf Se e c q CD Val6nt S6rial VidS ° SignalS ***** ° n the 

t^e, u s E e Lm:t r r s ?o nding to each y iocation and the — 

reach each x_ location^ The conversion is also dependent 
on the CCDjcalibration] p 1 

data store^rThe--database, according to the following 
formulae: ##EQU3## y 

wherein: 242 is the number of active TV lines in the 

video field of the EIA 

standard; 

DEPR: 

FIG. 11 shows schematically a detail of the reticle 22 
having^thereon^at known 

pre-^caTIbTated locations a plurality of input points 45 
denoted -'by "crosses . 

Superimposed thereon is a like plurality of output points 
46 denoted by circles 

which are not exactly coincident with the crosses 45 
owing to distortion 

through the reticle 22. Distortion may be evaluated by 
normalizing the actual y 
positions of the output points 46 according to their 
expected positions. 

DEPR: 

FIG. 12 shows schematically a detail of the reticle 22 
having thereon a color 

chart denoted .generally by 47 and comprising a plurality 
of different colored 

regions. Each colored region is formed of a known, 
pre-calibbrated mix of 

primary colors e.g. Red (20%), Green (35%) and Blue 
(45%) . The color mix of 

the corresponding region of the display device 
(constituted by a color monitor) 

is evaluated, and any deviation from the pr^^TibratedTl 
color mix is measured L . . 1 

in order to establish the chromaticity of the color 
monitor. 



DEPR: 
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tL'nsL'nt^ponsfof 1 ° f * f0r ^tenaining the 

SgSi^s^sriet'r^r due to a sudden increase in 

l^^^ g S 8Parent WMte arSa 51 f ° r tranamitting 

l^r'Thl LfcTlir ^ WhiCh ^ n ° minally OPaqu. to 
5 tL 1S relt e tVe° r ^^^ r P° ses so as to determine 
~^Llb1 transparent area 51. Light having 

srr?iS r ?-?^s?i tranaparent area 51 of the reticie 50 

: .epsilon. and is illuminated by light having an 
intensity L.sub.2 at a time 9 

interval. + ' ePSil ° n * - epsilon - is a short time 

DEPV: 

Calibration data (if available): MTF, CTF and so on. 
DEPV: 

Reticle: (calibrated) ID: DEM-RTC 
DEPV: 

Optics: (calibrated) ID: DEM-OPT 
DEPV: 

Light source (calibrated) ID: DEM-LHT 
DEPW: 

Calibration data: Diffraction limit 
CLPV: 

iJecSS-Sp??^ 1 ° ther elect «-oPtical devices of the 

system that have not been selected as electro-optical 
test devices as 

pro-calibrated devices of the system; 
CLPV: 

coVoT "pfu a a5^ Se * identit * 

Itif p f r f e e - r c e alibr Y ?t:d 0f pro " calib "ted devices including 

devices of the system together with corresponding 
electro-optical performances, 
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CLPV: 



eJeSc-o^srjLr* 61 " lncluding said at least °- 

M™"*' S ° UrCe ' 3 tar » St ' a lenS and » 
CLPV: 

a computer coupled to the electro-optical system and 
including a memory for y ana 

SpJ;i??v the 5 ein a , database of Pre-calibrated device 
identity codes and 

TnltuXt IT* °' Pre -« lib «ted electro-optical device 

pre-calibrated devices, 

CLPV: 

In e a ?e a ct y ?o-optic:i COUPled t0 the f ° r determining 

performance representative of the performance of the 
electro-optical system and 

being equal to the product of component electro-optical 
performances of each of p Lai 

pre-c:?L?a?eS leCtr °" OPtiCal ^ and each ° f 

ttrda e ?; b ase d the alYSlS fUrth,r f ° r e "racting from 

electro-optical performances of each of the 
pre-calibrated devices and for 

determining the product of component electro-optical 
performances of each of p ai 

said at least one electro-optical test device. 

CLPV: 

the target includes a high accuracy pre-calibrated 
reticle for forming an image 

by said at least one electro-optical test device, and 
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